. The semi-dry figs are collected by the growers and are laid out on racks for 2-5 days for further sun-drying. This classical sun-drying process is complete when the figs are neither too soft nor too hard to manipulate.
In Morocco 2) as in Turkey, when figs have reached a sufficient degree of maturity, they are gathered and transported to drying places, such as a terrace of a house or a piece of ground fenced off to prevent access of animals. The ground in these drying places are covered in herbs to avoid contact with the soil. Figs are spread out over these surfaces without preliminary treatment, and after 3-4 days of drying are collected and stored.
Traditional sun-drying as described above, has a high risk of fungal infection when the semi-dry . There is a subsequent risk of fungal growth and toxin production, during the 5 days of drying, when the figs are within a critical range of water activity. To reduce the time the figs spends under these conditions traditional sun-drying can be replaced by solar drying. Solar drying uses a system which forces sun-heated air at 20 ºC above ambient temperature over the figs contained in a drying chamber 3) . The shorter drying time reduces risks of fungal growth, and the solar dried product is in fact preferred by consumers in terms of both colour and flavour 4) .
A comparison of mycotoxin levels in figs classically harvested or picked from the tree and either sun-dried or solar-dried was undertaken 3) . This study also included a comparison of figs grown at different altitudes -those grown on the plain and those grown on hilltops. These studies showed that harvesting by hand and solar drying were the most effective approaches for the reduction of mould and yeast contamination. Unfortunately, the numbers of samples analysed for mycotoxins were not high enough to see any statistically significant pattern between different harvesting techniques .
Possible fungal infection routes
Despite considerable research on dried figs, the mechanism of natural infection still remains unclear. Whilst fallen figs in contact with the soil can readily become infected, which is consistent with evident surface contamination 5) , a small number of figs are also contaminated internally, which Mycotoxins 74 suggests infection at an earlier stage of development. It therefore seems possible that some figs are infected during ripening and shrivelling on the tree, and insects and aerial transmission of spores might be implicated as vectors. It has been proposed that as a mycotoxin preventative measure during cultivation of figs, destruction of insects following fertilization of fruit should be carried out 3, 6) .
It is also recommended that orchards must be cleaned by burning decayed or foreign matter which might provide a source of fungal spores 6) .
Fungal populations
There have been many papers reporting either the potential of dried figs to provide a medium to support fungal growth ( .
In additional experiments it was found that spores on the surface of highly susceptible fruits were able to infect and colonize the fruits suggesting that the conidia of A. flavus are capable of penetrating the fruit skin rather than requiring a wound for entry 8) . . The minimum aw value for growth of A. flavus is 0.78, and for the production of aflatoxins the minimum aw is considered to be around 0.83 13) . When various strains of A. flavus and A. paraciticus were inoculated into a water slurry of sterilised dried figs and incubated at 28 ºC 7) , the production of aflatoxins B1, kojic acid and 5-methylsterigmatocystin was studied as a function of time with toxin formation being found to maximise at around 7 days and decline thereafter.
In a systematic study of Turkish figs during various stages of production . , and are also known to produce penicillic acid. In reject figs from Turkey, A. niger was also widely Vol. 58 (2), 2008 occurring to the extent of 44 out of 50 individual figs, A. ochraceus was less commonly occurring in only 13 samples.
As most studies have focused on Aspergillus spp. and the incidence and occurrence of aflatoxins/ochratoxin A the nevertheless significant presence of Fusarium spp. . These authors reported the presence of fumonisins on the fruit at low levels 9) , and work reported elsewhere has unequivocally demonstrated the presence of fumonisin B2 17)
, although it was not clear which fungal spp was responsible despite numerous Fusarium spp. being present on individual figs 11) .
Recent findings have shown that fumonisin B2 can be produced by A. niger 18) , and can naturally occur on products other than maize (e.g. coffee) challenging the traditional held view of fumonisin production.
Substrates for growth
The preferred carbon sources for aflatoxin production are glucose, sucrose and fructose 19) , and thus dried figs provide a rich source of sugars comprising 37.6 % of these three sugars on a w/w basis (see Table 1 ). Although it is difficult to extrapolate from the growth and mycotoxin production in culture to food matrices, there are certain important nutritional considerations 20)
. For example, proline, glycine and glutamic acid have been identified as essential single amino acids for aflatoxin production 21, 22) , and proline and glutamic acid are known to stimulate production of ochratoxin A 21)
. From Table 1 (Senyuva et. al unpublished data) it can be seen that proline in particular is present in figs at high concentrations, and it is proline, which has been found to stimulate more aflatoxins production in stationary cultures than any other nitrogen source 22) .
Fungal interactions
It is clear that with dried figs there can be a series of events which lead to fungal and/or yeast infection at different stages in the production cycle from partial drying on the tree to falling to the ground to the final slow drying in the sun whilst still exposed to sources of infection. Whilst the fungi can be isolated and identified at each stage in the production cycle as can the mycotoxins, it is almost impossible to relate fungal occurrence to specific toxins. The toxins themselves are stable and will survive through to the final product, whilst the fungi may only survive in viable form for a limited time. Also, of course finding fungi will not necessarily indicate toxin production as non-toxigenic strains may occur or conditions may not be conducive to toxin formation. flavus and A. paraciticus but also the extent of infection with competing mycoflora.
Mycotoxin production

Incidence of occurrence
The literature on incidence of occurrence of mycotoxins in figs has tended to be either targeted surveillance, where the aim is to build a representative picture, or analysis of individual figs including mouldy figs where the aim is to understand the potential of figs to support fungal growth. In Table 2 . A more exhaustive study of aflatoxin distribution looked at a bulk consignment of dried figs (850 boxes of 12 kg each) and found levels as high as 2063 ng/g in a single homogenised 1 kg unit, although 134 boxes of 12 kg were found to contain <10 ng/g total aflatoxins 25) . These studies subsequently led to proposals 25, 26) for Table 2 some were produced in vitro from fungi isolated from fruit suffering from so-called pink or soft rot, although fumonisins were found at low levels in some fig samples 9) , and fumonisin B2 has been confirmed by LC/MS in dried figs 17) . Kojic acid was reported in earlier papers as being possibly associated with the fluorescence seen in the BGY phenomena 16) , and has been quantified at levels . Cyclopiazonic acid which has frequently been implicated as a co-occurring mycotoxin with aflatoxins has not been detected in any samples of dried figs at a limit of detection of 100 ng/g 30)
.
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Fungal/toxin correlation
There have been found to be substantial differences in the relative proportions of aflatoxins B1, B2, G1 and G2 among different samples, suggesting different fungal sources might be responsible 29) . There have also been found to be distinct differences in . Another study of 50 individual samples of figs 11) showed that although aflatoxins were found in 49 of the 50 samples, surprisingly only 3 samples contained all four aflatoxins, and 9 samples only contained aflatoxin B1 with two samples containing respectively 2220 and 1877 ng/g of only aflatoxin B1. One sample contained a more typical pattern with aflatoxins B1 and G1 being in roughly equal amounts, with B2 and G2 levels being only a few percent of the dominating toxins. Another sample contained all four aflatoxins but it was dominated by aflatoxin G1 11) . It has previously been shown that pH values of less than 6 favour formation of aflatoxin B1 and B2 whilst a pH higher than 6 favours aflatoxins G1 and G2 31) which may explain in part the patterns which are observed. It will also of course depend on whether A.
parasiticus and A. flavus are separately and/or jointly involved in aflatoxin formation in individual circumstances 31) . Thus from the evident complexity of patterns of both fungi and their toxins, the sources cannot be easily unravelled based on the limited insights available.
Analytical techniques for identification
Most of the early work 8, 23, 32, 37) . This approach was targeted specifically at looking for aflatoxins. Although low-cost and technically undemanding, TLC is well recognised as having the disadvantage of being at best semi-quantitative, and requires extensive clean-up to avoid interferences from co-extractives.
This means that some of this early data is probably less reliable with respect to quantification.
Subsequent more recent and extensive surveillance work on dried figs has used HPLC with fluorescence detection 2, 12, 28, 29) which with affinity column clean-up has provided reliable quantification. This has enabled other important aspects, where accurate quantification was essential, such as sampling of dried figs and fig paste 25) to be studied in depth. However, both TLC and HPLC methods, by their very nature, have inevitably focussed on determining targeted contaminants, in this case aflatoxins. It was not until ochratoxin A was found to be a mycotoxin contaminant in vine fruits 33) , that targeted analysis also extended to the determination of ochratoxin A in dried figs 28, 30, 34) . Patulin and ergosterol were subsequently also found in dried figs again by HPLC 10)
Although the presence of ochratoxin A in dried figs has been rigorously confirmed by LC/MS 28) , targeted analysis even by LC/MS has the disadvantage that the researcher will only find the predetermined toxins. However, the very recent introduction of time-of-flight (TOF) mass spectrometry has provided a new tool for screening 35, 36) which does not require any assumptions about the toxins likely to be found. Based on LC/MS analysis of crude extracts comparing accurate mass measurement of peaks with a database of 465 secondary metabolites 14) , it was shown that fumonisin B2, HT-2 toxin, patulin and zearalenone were present in visibly mouldy dried figs 17) . Fumonisins and . LC-TOF/MS represents a significant advance in toxin analysis as it enables untargeted rapid screening of a vast array of toxins using simple extraction without clean-up 7) . Although only applied to date to studying dried figs the data being produced provides new insights into the presence of toxins and for example challenges assumptions about which mycotoxins occur in specific foods.
Conclusions
In this review we have summarised the literature on fungi and mycotoxins in dried figs which has been published over the past 20 years. It is clear that figs represent a high-risk commodity in terms of providing a suitable medium for sustaining a wide range of fungal species and their subsequent production of metabolites. The process of producing dried figs is in itself particularly 'risky', involving exposure of the figs to various sources of fungal infection (such as the soil) and maintaining figs for several days at a water activity and temperature, which is optimum for fungal growth and toxin formation. Although historically the mycotoxin problem with dried figs has been associated with aflatoxins, and latterly with ochratoxin A, it has also now become apparent that figs present a good growth medium for other fungi and thus patulin and Fusarium toxins should also be a cause for concern in contaminated figs.
